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Abstract 
The simplified operation approach composed of the following strategies that were applied during summer semester 
and summer vacation in accordance with changes in building use : changing building indoor conditions; scheduling 
chiller during day and night; operating chillers with reduced heat loss from chilled water piping and adjusting chilled 
water flow rate. Implementation of these proposed strategies on existed multiple-chillers system serving institutional 
building that works on hot climate improves the system performance. The results show total energy saving of about 
263.2 MWh which represents about 44.7% of the HVAC consumption during summer months of June to August. The 
simplified operation approach is easy to practice and requires minimal additional cost. 
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1. Introduction 
Air conditioning systems consume about 70% of the national energy generated in such a hot climate 
country [1]. Efficient design and operation of HVAC systems may result in  substantial energy  saving that 
is beneficial particularly when energy demands exceed supplies and energy shortage is encountered. 
Institutional buildings such as universities, colleges and schools, like the build ing considered in this 
research, are in partial use during months of June, July and August because summer semester takes place 
in the first two months and summer vacation occurs in August. The internal building load is reduced 
because less number of people, classes and equipment are working during summer semester whereas the 
reduction in the building load during summer vacation is caused by switching off the building’s lighting 
and equipment, omitting the people load, less infiltration, and ventilation. The reduction in  the build ing 
load demand during summer semester and vacation results in an oversized existed chilled water plants that 
work inefficiently at partial load most of the time [2].  
In 2002, the Energy Systems Laboratory examined system operations in a number of newly retrofitted 
buildings and found that optimizing the systems can double energy savings and improve build ing comfort  
[3]. In another study conducted on more than 130 large bu ild ings , it was found that efficient operation has 
produced typical savings of 20%, with payback periods less  than three years [4]. An annual energy saving 
of about 31,900 MWh due to energy audit for 16 faculties at University of Malaya has been reported [5]. 
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Two other studies conducted on educational buildings working on a hot and humid climate suggested 
energy reduction of 35.3% [6] and 41.87% [7] without compromising occupancies thermal comfort.  
However none of the above studies has  dealt with institutional buildings during vacation. Therefore, 
the present work aimed at evaluating some operation strategies that proposed for existing chillers working 
in institutional build ings to achieve the most effic ient operation under partial load condit ions (during 
summer semesters or vacation).  
2. Building and HVAC System 
The building under consideration is the Mechanical Engineering Department, College of Technological 
Studies, Kuwait. The building is a two-story institutional facility with total floor area of 7020 m2. The 
overall heat transfer coefficients of building wall and roof are 0.562 and 0.187 W/m²K, respectively.  
The building heating, ventilat ing and air-conditioning (HVAC) system consists of four air -cooled 
reciprocating (semi-Hermet ic) ch illers; three are on duty and one is standby. The chillers are using 
environment friendly refrigerant R-407c, with power of 142.42 kW each. The integrated distribution 
system consists of fourteen air-handling units (AHUs) and thirty fan-coil-units that serve workshops.  
The detailed  build ing and HVAC characteristics are modeled using a build ing simulation program 
(EnergyPlus) that is used to assess the proposed strategies and determine their significance.  
3. Results and Discussion 
3.1 Energy consumption of HVAC system 
The chillers energy consumption during their seven months of operation (April to October) is shown in 
Fig. 1. It is clear that the chiller consumption increases as the outdoor conditions getting worse. It reaches 
its maximum value in  the month of July then decreases in the succeeding months until the air conditioning 
system is shut down by end of October. Fig. 1 shows that the peak chillers consumption occurs during the 
month of Ju ly. It is true that this month represents the most severe weather conditions. But, the building is 
at partial use during June, July and August because the first two months are in summer semester and 
August is in summer vacation. Therefore, the high energy consumption during these months gives 
indication of the potential energy saving that could be attained if efficient operation strategies are applied. 
3.2 Changing building  indoor conditions 
Investigating the unexpected high consumption during the months of June, July and August indicates 
that the HVAC system was almost in normal operation despite the partial building use. An actual 
consumption of these months was compared with the simulated consumption (Table 1). Agreement 
between both consumptions is found to be 0.64, 0.81 and 2.31% in June, July and August, respectively. 
Then, a basic saving measure was applied to the simulated build ing by setting the indoor air temperature 
to 24°C at occupancy presence and set-back to 28°C while no occupants in June and July (summer 
semester) and set to 28°C all day in August (summer vacation). Th is approach showed energy saving of 
11.2, 10.3 and 39.6% of the consumption during the months of June to August, respectively, with total 
saving of 119.9 MWh which represent 20.4% of the consumption during the stated months  (Table 1). The 
large saving in August is  caused by setting the indoor temperature to 28°C all day as the month is in 
summer vacation.  
In July and August of 2012, the indoor air temperature, in the build ing, has been set to 24°C and set-
back to 28°C. The indoor building temperature and relat ive humidity were recorded in addit ion to the 
HVAC energy consumption to ensure that the applied operation strategy has no adverse effects. 
Application of this strategy resulted in actual saving of 31.7 MWh compared to the consumption of the 
same months of summer 2011. This saving represents about 7.93% of the total energy consumed by the 
HVAC during the months of July and August as listed in Table 2.  
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3.3 Scheduling chillers loading during days and nights 
Figure 2 shows the ratio of the HVAC consumption during night (7pm-7am) to that during the fu ll day 
(24 hours). Clearly, the consumption during the night is almost half (about 45%) the energy used during 
the full day. This happened, despite the reduction in  the external bu ild ing load  while  the internal build ing 
load is not changed during the tested days in summer vacation. The reason behind that is the dramatic 
drop of the COP at night as the average COP of chillers dropped from about 2.18 during the day to 0.63 at  
night. Thus 3.5 times energy is needed during nights to cover the same load during days. 
Therefore, a new operation shcedule is proposed to allow fewer ch illers to work at night. Thus, the 
chillers are running at large load ratio  and have better performance. The proposed day and night operation 
strategy is fed to the simulation program in order to find HVAC consumption and the resulted savings 
(Table 1). Monthly percentage savings of chiller consumption between 19.9 and 25.0% are experienced. 
This suggested strategy of operation would save about 136.5 MWh which represent about 23.2% of the 
chiller consumption during the months June to August. However, it should be pointed that applying this 
strategy should be integrated with monitoring the interior conditions of the building to define its 
boundaries. This is not presented here due to space limitation. 
3.4 Operating chillers with reduced heat loss from chilled  water pipes 
The heat losses from chilled water pip ing system varies from chiller to another because the chilled 
water pip ing arrangement has different lengths from each ch iller to the chilled water common point before 
distributed to the AHUs. The chilled water p iping length of chillers 1, 2 and 3 are about 11, 25 and 95m, 
respectively. Thus, the chilled water out of ch iller 3 may gain  more heat from surroundings than the 
chilled water out of chiller 1 or 2. 
In such hot environment with overall temperature d ifference, between ambient and chilled water, that 
may reach 30°C the heat loss is considerable. Heat loss per unit length for 6 inch pipes, during the stated 3 
months, is 19.76 kWh. Energy saving of 1.52 MWh may be attained if chiller 3 is excluded from 
operation (less than 2 chillers are needed) during the three months. Additional saving is attained due to 
pumping power saving by using the chillers with short piping arrangements.  
3.5 Reducing chilled water flow rate 
 As discussed in the above sections, the mult i-chillers system is working at part ial load during summer 
semester and summer vacation where less than half of its capacity can satisfactorily accomplish the 
building load. Consequently, all the related distribution systems including the water distribution can be 
reduced without affecting the HVAC system performance [8]. On contrary, reducing the chilled water 
flow rate may help improve the chiller performance by allowing the outlet chilled water temperature to 
reach the design point (7.5 qC) in partial load operation. Therefore, the chilled water can be circulated 
using two pumps (instead of the availab le 4 pumps) during days and one pump at n ights. The reduction of 
the number of running pumps would save about 5.3 MWh of the pump consumption which represents 
about 0.90% of the HVAC energy consumption during the three stated summer months .  
Conclusion 
The simplified operation approach during summer semester and summer vacation composed of some 
chillers operation strategies that proposed to decrease their energy consumption in  accordance with 
changes in building use. Implementation of the proposed operation strategies requires  minimum cost. 
However, energy saving of about 263.2 MWh, which represent about 44.7% of the HVAC consumption 
during June to August, is achieved by applying the simplified operation approach. Most of the savings are 
due to chillers scheduling for days and nights and changing building indoor conditions during summer 
semester and vacation. 
2326   Ali F. Alajmi and Hosny Z. Abou-Ziyan /  Energy Procedia  61 ( 2014 )  2323 – 2326 
References 
[1] Ministry of Energy (MOE). Report on Prediction of Energy Consumption; 2005, Kuwait . 
[2] Chan K T . How Chillers React to Building Loads. ASHRAE Journal August 2004. 
[3] Liu M, Claridge D, Turner D. Continuous Commissioning® Guidebook: Maximize Building Energy Efficiency and Comfort. 
2002. 
[4] Claridge DE, Harberl JS, Turner WD, O'Neal DL, Heffington WM, Tombari C, Roberts M, Jeager S. Improving energy 
conservation retrofits with measured savings. ASHRAE Journal 1991; 33:14-22. 
[5] Saidur R, Hasanuzzaman M, Mahlia T, Rahim N, Mohammed H. Chillers energy consumption, energy savings and emission 
analysis in an institutional buildings, Energy 36 (2011) 5233-5238. 
[6] Sait  H H. Auditing and analysis of energy consumption of an educational building in hot  and humid area, Energy Conversion 
and Management 66 (2013) 143–152. 
[7] Rahman M M, Rasul MG, Khan M M. Energy conservation measures in an institutional building in sub-tropical climate in 
Australia Applied Energy 87 (2010) 2994–3004 
[8] Bahnfleth WP, Peyer E. Varying views on variable-primary flow. Heating/Piping/Air Conditioning Engineering 2004; 76: 
S5-9. 
 
 
Figure 1: Energy consumption of the HVAC system 
during the operation months. 
Figure 2: Ratio of chilled water plant consumption 
during night to that of the full day. 
 
Table 1: Model verification and simulated energy saving. (Consumptions and savings are in MWh) 
Months 
HVAC consumption validation Changing indoor conditions Scheduling chiller loading 
Actual Simulated % diff. Consum. Saving % Consum. Saving % 
June 188.9 187.7 0.64 166.6 21.1 11.2 120.5 46.1 24.4 
July 209.4 211.1 0.81 189.4 21.7 10.3 137.0 52.4 25.0 
August 190.5 194.6 2.31 117.5 77.1 39.6 79.5 38.0 19.9 
Total 588.8 593.4 0.78 473.5 119.9 20.4 337 136.5 23.2 
 
Table 2: Measured energy saving due to changing indoor conditions. 
 
 
 
 
Months 
HVAC consumption (MWh) Saving 
(MWh) % 2011 2012 
July 209.4 194.5 14.9 7.12 
August 190.5 173.7 16.8 8.82 
Total 399.9 368.2 31.7 7.93 
